Background: The epidemiology of hypotension as presenting symptom among patients in the Emergency Department (ED) is not clarified. The aim of this study was to describe the incidence, etiology, and overall mortality of hypotensive patients in the ED. Methods: Population-based cohort study at an University Hospital ED in Denmark from January 1, 2000, to December 31, 2011. Patients aged ≥18 years living in the hospital catchment area with a first time presentation to the ED with hypotension (systolic blood pressure (SBP) ≤100 mm Hg) were included. Outcomes were annual incidence rates (IRs) per 100,000 person years at risk (pyar) and etiological characteristics by means of the International Classification of Diseases, Tenth Revision (ICD-10), as well as 7-day, 30-day, and 90-day all-cause mortality. Results: We identified 3,268 of 438,198 (1 %) cases with a mean overall IR of 125/100,000 pyar (95 % CI: 121-130). The IR increased 28 % during the period (from 113 to 152 cases per 100,000 pyar). Patients ≥65 years had the highest IR compared to age <65 years (rate ratio for men 6.3 (95 % CI: 5.6-7.1) and for women 4.2 (95 % CI: 3.6-4.9)). The etiology was highly diversified with trauma (17 %) and cardiovascular diseases (15 %) as the most common. The overall 7-day, 30-day and 90-day mortality rates were 15 % (95 % CI: 14-16), 22 % (95 % CI: 21-24) and 28 % (95 % CI: 27-30) respectively. Conclusion: During 2000-2011 the overall incidence of ED hypotension increased and remained highest among the elderly with a diversified etiology and a 90-day all-cause mortality of 28 %.
Background
Systolic blood pressure (SBP) is widely used in the initial triage of acutely ill patients and forms a basic part of the initial assessment of the circulation [1] . The presence of hypotension often signifies critical illness and several large multicenter studies have used the presence of hypotension as an inclusion criteria together with other variables [2] . These studies often focus on highly selected hypotensive patient populations in specialized treatment units, and the evidence gained is a reflection of this selection.
During the past decade, research investigating annual trends in incidence rates (IR) of potentially hypotensive patients suggest opposite trends depending on the etiology and population of interest. While the annual IRs of sepsis seems to increase [3] , the trend for myocardial infarction (MI) have decreased [4] . Whether population-based IRs and annual trends of primary undifferentiated hypotensive ED patients demonstrate dynamic trends, are not known. Previous estimates of hypotension in EDs rely mainly on hospital data samples that are weighted to extrapolate to national level estimates and are therefore vulnerable to sampling bias [5] . In general studies on this topic are limited, either by place of settings or selective inclusion criteria and conditions studied [6] . Population-based IRs of hypotension among ED patients is important to quantify as the presence of hypotension -even transient -is associated with worse outcomes and can therefore not be neglected [7] . The epidemiological knowledge gained, can serve as a foundation for future interventional studies in this critical population.
While ED visits in Denmark have been stable through recent years, ED visits among the ageing population are increasing [8] . Furthermore, time-sensitive critical illnesses (i.e. cardiogenic shock, severe sepsis, and the 'golden hour' of trauma), have increased the demand of prompt critical care recognition and delivery in the ED setting. Collectively, this adds to the hypothesis of a possible increasing trend in ED hypotension. We, therefore, conducted an ED populations-based cohort study to examine annual IRs in first time presentation of hypotension over a 12-year period from 2000-2011 and subsequent the etiology and short-term mortality.
Methods

Study design and setting
We conducted a population-based cohort study with data from the ED of Odense University Hospital, Denmark, during the period of 1th January 2000 to 31th December 2011 (12 years) . Odense University Hospital is a 1,000-bed university teaching hospital representing all specialties including surgical, neurological, and general internal medical patients. The population served by this ED consists of four well-defined municipalities with a mixed rural-urban population of 290,000 persons. It is the only serving ED in this part of Denmark and provides primary 24-h acute medical care, with 48.000 annual visits.
Selection of participants
Adults (age ≥ 18 years) were considered eligible when presenting to the ED with a SBP ≤ 100 mm Hg registered within 3 h upon arrival. Based on a recent published study, examining SPB thresholds and mortality in our ED, we defined a SBP ≤ 100 mm Hg as hypotension [9] . We used the Shock Index (SI) as a proxy for acute illness. SI is calculated as the ratio of heart rate to SBP and included as a categorical variable (<0.7, 0.7-1, ≥1) [10] . If a patient had multiple encounters with hypotension over the study period, only the first was included within the cohort. The primary date of contact defined the index date. Patients <18 years, patients residing outside the hospitals catchment area at the time of contact, and patients without a Danish personal identification number were excluded. We also excluded patients with a previous presentation of SBP ≤ 100 mm Hg. To minimize left sided censoring, patients who had visited the ED between 1 of January 1998 and 1 of January 2000 with hypotension were excluded as well. The background population, from which the cases were retrieved, was the composed general adult (≥18 years) Danish citizens living in the hospitals catchment area.
Variables and outcome measures
The primary outcome was the IRs of hypotension (SBP ≤ 100 mm Hg) from 1st January 2000 to 31th January 2011 in the ED, both overall and by year. Secondary outcomes were etiological characteristics by means of major ICD-10 codes and the proportion of 7-day, 30-day, and 90-day allcause mortality. The primary exposure variable was the first recorded SBP value at presentation. SBP was measured with an automated oscillometric device or manual cuff and sphygmomanometer. HR was measured with ECG, palpation or pulse oximetry. We also included information on the additional covariates; age, gender and time of contact during the day (07:00-14:59, 15:00-22:59, 23:00-06:59). Charlson comorbidity index (CCI; 0, 1-2, >2) was used as a marker of comorbid illness.
We defined etiology based on the primary ED diagnoses and the immediate ensuing hospital discharge diagnosis. These were assigned by physicians in the ED at discharge/referral to other departments and based on the International Classification of Diseases, Tenth Revision (ICD-10) (see below).
Data sources and processing
In Denmark every Danish citizen is assigned a unique 10-digit civil personal registry number (PRN-number). This unique PRN-number enables accurate linkage between the Danish national registers [11] . True population-based studies are hereby possible as all patient contacts are registered and linked between all Danish registries using the patients unique PRN-number.
The Danish national patient registry
Since 1995 the Danish National Patient Registry has been covering all in and out patient clinic contacts at hospitals in Denmark assembling data regarding dates of admission, discharge, admitting departments and all primary and secondary discharge diagnoses (ICD-10 code system) from hospitals (except psychiatric departments and hospitals) [11] . By discharge every unique patient journey is assigned one primary diagnosis and one or more secondary diagnosis (up to 20 diagnoses) classified according to the ICD-10 system. We used discharge diagnoses from the previous 10 years in order to generate a CCI for each enrolled patient upon the index contact date as a proxy for comorbid illness.
Database
Since 1996 all patients records from the ED are registered electronically and available as patients record notes from the contact. As a part of the routine procedure, all patients presenting to the ED, except those with minor orthopedic complaints, had their vital signs measured and registered by a nurse at arrival. The record notes are available in text-format, in which vital parameters are consistently stated, including time of admission and time of measured SBP and HR. By electronic screening it was possible to identify and retrieve information on all patients with a measured and registered SBP ≤100 mm Hg as well as the unique value of SPB and HR. The present data extraction process has been manually validated in 500 files with a sensitivity of 96 % (95 % CI [91-99]) and a specificity of 100 % (95 % CI [99-100]) for exact SBP, in the study by Kristensen et al. [9] .
Data on municipality of residence, migration-, maritaland vital status, and date of birth were retrieved from The Danish Civil Registration System and linked to other registries and databases using the unique PNR-number [11] .
Other registers and databases
We retrieved information regarding the annual mid-year population of persons 18 years old or older living in the hospitals catchment area (accessed September 2014 at Statistics Denmark website; http://www.statistikbanken.dk).
Analysis
Baseline characteristics were presented as medians and interquartile range (IQR) for continuous variables and categorical variables as numbers and percentages. We used the Chi-square test for categorical variables and the Kruskal-Wallis equality-of-populations rank test for continuous variables. Patients were followed from index date until the date of death, completion of 90 days follow-up, emigration, or December 31, 2011, whichever came first.
The crude annual IRs were calculated as the number of IRs per 100,000 pyar (age ≥18 years) with the corresponding 95 % confidence intervals (95 % CI) assuming a Poisson distribution. The annual IRs were adjusted using direct standardization to the sex-and age distribution of the municipalities of the EDs catchment area midyear population in the year 2000. The population was defined as contributing to one person-year at risk per resident per year in the analyses. The incidence rates were estimated and analyzed using a Poisson regression model. Age group, gender, calendar time in years, and interaction between age group and gender were used in the adjusted model. Calender time was entered in the model as a continuous variable. Age was divided into two predefined age intervals: 18-64 years and ≥65 years. The Poisson model was assessed using the Hosmere Lemeshow goodness-of-fit test.
Etiological characteristics were categorized into major ICD-10 groups and calculated as frequencies and proportions based on primary registered conditions at discharge among all hypotensive patients as well as stratified into SBP intervals.
We constructed Kaplan-Meier curves and reported the all-cause 90-day mortality, stratified by SBP intervals. Comparisons between groups were evaluated with a logrank test. Cuzick's test was used for trends in mortality between SBP intervals. All tests of significance were two-tailed, and p values <.05 were considered significant. Missing values (ICD-codes; n = 2 and HR; n = 128) were excluded in the analysis of the specific variable. Statistical analyses were performed using Stata version 13.1 (Stata Corporation LP ®, Texas, USA). 
Ethics committee approval
Results
Participants
Among all patients the proportion of hypotensive patients was 1 % (4,555/438,198) ( Fig. 1 ). After exclusions (see Fig. 1 for details) we included 3,268 patients with a presentation of hypotension for further analysis. Of these the median age of 68 (IQR, 50-80), 1,602 (49 %) were males and 858 (26 %) presented with a Charlson Comorbidity Index greater than 2 ( Table 1) . Median SBP was 91 (IQR, 84-96). A SBP between 90 and 100 mm Hg was present in 1,725 (53 %), 920 (28 %) had a SBP between 80 and 90 mm Hg and 623 (19 %) had a SBP below 80 mm Hg (Table 1) . Most patients had their SBP measured within 30 min (92 %) after arrival and 50 % were measured within 5 min. Contacts showed a diurnal rhythm with most patients arriving during the day and evening (see Fig. 2a and b).
Incidence rate
The annual crude IRs together with the standardized IRs of hypotension (SBP ≤100 mm Hg) and IRs of different levels of hypotension during the period 2000-2011 are shown in 
Etiology
The frequency and proportion of index and discharge conditions according to major ICD-10 discharge diagnoses are presented in Table 2 . The major overall discharge condition were coded as "Injury, poisoning, and certain other consequences of external causes" (S00-T98) (23 %) which were stratified into medical conditions (T36-T69, T80-T98) (8 %) and trauma (S00-T35, T70-T79, T90-T99) (17 %)." Diseases of the circulatory system" (I00-I99) (15 %), and "Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified" (R00-R99) (14 %). Analysis of discharge conditions across the period of observation revealed an increasing trend for infectious diseases (ICD10: A00-B99, p=0.003), respiratory diseases (ICD10: J00-J99: p=0.007), genitourinary system (ICD10: N00-N99, p=0.014), as well as symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified (ICD10: R00-R99, p = 0.013) see Table 3 .
Mortality
The mean 7-day, 30-day and 90-day all-cause mortality was 15 % (95 % CI: 14-16), 22 % (95 % CI: 21-24) and 28 % (95 % CI: 27-30) respectively (Table 1) . We observed an increase (p <0.001) in mortality among patients SBP ≤80 mm Hg (90-day mortality: 44 % (95 % CI: 40-48)) compared to patients with SBP between 90 >SBP ≤100 mm Hg (90-day mortality: 21 % (95 % CI: 19-23)). Kaplan-Meier curves are shown in Fig. 6 with the overall estimated probability of 90-day survival stratified into SBP intervals.
Discussion
This study provides population-based epidemiological characteristics of adult hypotensive patients arriving to a University ED in Denmark. Our results showed that a first time presentation of hypotension was a common finding in the ED with an increasing annual trend in IRs throughout the period 2000-2011. By means of discharge diagnoses the etiology was clearly diversified and the 90-day all-cause mortality was 28 %.
Our primary aim was to address the IR and trend of hypotension in the ED. In our study we have reported an overall mean IR of SBP ≤100 mm Hg of 125/100,000 pyar. Comparing our IRs with other conditions suggest hypotension to be as common as first time hospitalization with myocardial infarction (MI) [12] and more common than ST-segment elevation MI [13] . While the IRs of MI have decreased during the past decades [12, 13] registered sepsis is on the rise [3] . The IRs of hypotension, in our We found higher IRs among elderly males, compared to women. Moreover 55 % of our cohort represented patients aged 65 years or more, increasing with decreasing SBP level. Accordingly, a large Canadian study analyzed 34,454 ED visits by older adults (>65 years), accounting for 22 % of the total ED visits in which, 74 % of patient visits were triaged as urgent or emergent [14] . The most common diagnoses (ICD-9 and ICD-10) were nonspecific, relating to "symptoms, signs, and ill-defined conditions" (25 %). Injury and poisoning constituted 17 % of diagnoses, while diagnoses related to the circulatory system and respiratory system constituted 10 and 9 % of diagnoses, respectively [14] .
Comparing these proportions with ICD-10 discharge groups in our study suggest a similar pattern, given the increasing IRs and the dominating ageing proportion of patients. Discharge diagnoses were dominated by injury and poisoning, circulatory system and unspecific diagnoses (symptoms and abnormal clinical/laboratory findings) in our cohort. Other studies, among undifferentiated nontraumatic hypotension in the ED, report sepsis and cardiovascular diseases as common etiologies [15, 16] . A similar etiological distribution applies for critically ill hypotensive patients in the ICU [1] . This difference could reflect the use of ICD-10 codes, and population-based setting, while others have applied primary clinical assessments and strict inclusion criteria when categorizing the etiology. Interestingly, infectious and cardiovascular diseases increased by each decile decrease in SBP level, whereas trauma decreased accordingly. Moreover, we found an increase in discharge diagnoses of infectious and respiratory diseases, disease of the genitourinary system, as well as symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified. As a supplementary analysis we applied validated discharge diagnoses for patients with community-acquired infections presenting to the ED (see Appendix: Table 4 for ICD-10 codes validated by Henriksen et al. [17] ). Using this algorithm we found a proportion of 13 % with a discharge diagnoses of infection, compared to 5 % in the initial analysis. The difference reflects our use of merely major ICD-10 groups, as certain infectious diseases (e.g. ICD10-J189 = "pneumonia, unspecified") are grouped under respiratory diseases in the ICD10 system. Applying the validated discharge diagnoses for infections we found a confirmatory increasing trend (p = 0.011). Although the data source used is considered a unique information source to carry out epidemiological studies and health service research in our country, the discharge diagnoses among hypotensive ED patients have not undergone validation. The heterogeneous etiological data presented here, should therefore be interpreted bearing this in mind. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Hour in the day
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Time of arrival to the ED An important finding in this study is the 90-day allcause mortality of 28 %. Correspondingly, in-hospital mortality among non-traumatic hypotensive patients, (SBP ≤100 mm Hg) is reported to be 10-25 % [16, [18] [19] [20] [21] [22] while mortality among traumatic hypotensive populations (SBP ≤100 mm Hg) are 7-24 % [23, 24] . As reported by Jones et al. we find an exposure of a single episode of hypotension (<100 mm Hg) in the ED setting to portend a possible later adverse outcome [7] . Furthermore, the mortality seem to increase with each decile decrease in SBP as reported previously [19] .
We decided to include patient with a first time presentation of SBP ≤100 mm Hg measured within 3 h upon arrival. Only 85 patients did not meet this eligibility criterion. Moreover 92 % had their vital values measured within 30 min. All patients in our cohort had a mean SI ≥0.9 suggesting possible acute or critical illness. This could imply, that a great proportion of patients presented with clinical symptoms suggesting critical illness and therefore the ED personal deemed SBP measurement appropriate in order to delineate the hemodynamic stability. Whether a large proportion of our cohort presented with shock (e.g. organ failure or elevated lactate) is of interest, but not feasible based on the available data presented here.
We believe this population-based study provides robust data on the incidence of hypotension in the ED. When hypotension is present, mortality is substantial. Correct diagnosis and resuscitation of patients with hypotension are well-known steps to improve prognosis. Future epidemiological perspectives for research should address the underlying etiology and prognosis of undifferentiated hypotension as this could delineate targeted interventions at ED arrival. At the level of triage, SBP ≤100 mm Hg should be regarded as a critical finding and the cause of hypotension explored. Future prehospital protocolised management by combining e.g. ultrasound, vital parameters and lactate could further expedite resource allocation and triage of these, often critically ill patients.
Study strengths and limitations
The Danish public healthcare system, with a complete, independently and prospectively recorded medical Cuzick's test for trend a history, reduced the possible risk of information biases and loss to follow up was not an issue. With the use of the Danish population-based registries we were able to compute quite accurate estimates on the outcomes: incidence, mortality and comorbidity. We chose to use the first contact with hypotension in order minimize bias from repeated measurements. Furthermore we excluded patient with residency outside the catchment area and a previously reported admission with SBP ≤100 mm Hg in the years 1998-99 in order to avoid possible overestimation of the IRs. Several issues and limitations should be considered when interpreting our results. Our single center design limits the generalizability of our findings. Although our ED is the only on serving this part of Denmark, the presence of "market share" within the bordering of other ED catchment areas in Denmark is a possibility. We are not able to adjust for possible hypotensive patients living in our catchment area, who have had contact to other hospitals. However, we have excluded patients living in municipalities outside of our ED catchment area and thereby minimized this proportion (n = 516, Fig. 1) . The blood pressure measurements were registered prospectively and as a routine documentation and not necessarily for research purposes. However, a great proportion of cases did not have a SBP measured and registered at arrival (n = 273,794). These patients suffered from minor complaints where the nurse did not judge a SBP measurement relevant. Patients with medical complaints and trauma severe enough to warrant a SBP measurement are therefore the population of relevance. This must be kept in mind when interpreting our findings.
We acknowledge the possible limitation in the blood pressure measurement as the accuracy of the automatic oscillometric devices and measurement by auscultation can be inaccurate [25] . However, this is still the method used in most clinical and research based settings when describing blood pressure and we therefore find it generalizable.
We further acknowledge the limitations of the etiological characteristics. Ideally, a classification into shock categories could be clinical useful. However, these data were not available in the current dataset. We had missing values on covariates; ICD-codes (2 cases) and HR (128 cases), but not on SBP. Of notion, is the drop in the IR of 2008, which was caused by an organizational change in the electronic registration of vital parameters in this year.
Finally, our study and results can be influenced and confounded by unmeasured variables such as use of cardio-therapeutic medications known to inhibit the cardiovascular compensatory response in individuals and potentially mask hypotension and bias our estimates, especially among elderly comorbid patients using these medications. During the observation period a physician-staffed mobile emergency care unit was deployed (October 2007) in the pre-hospital setting. Accordingly, increased awareness and change in Log rank, p < 0.0001 Fig. 6 Kaplan-Meier curves illustrating overall 90-day survival according to different systolic blood pressure levels. Below the curves are listed the number at risk at corresponding intervals in survival time treatment algorithms in certain critical conditions have been introduced (surviving sepsis campaign and percutaneous coronary intervention of myocardial infarction). Although we consider this proportion minimal, the possibility of patients suffering time-dependent illnesses diagnosed prehospitally (e.g. ruptured aneurism, myocardial infarction) and referred directly to a facility within our hospital (e.g. operational theatre or ICU) and thereby bypassing our ED is a possibility we acknowledge. Although there was no structural change in the primary care service, a change in general practitioners' interest in assessing acute clinical conditions (due to the increasing specialization and fragmentation of primary care services) is another possibility we acknowledge.
Conclusion
We conclude that a presentation with hypotension is a common critical finding among ED patients with an increasing trend. Adverse outcome are substantial carrying a 90-day all-cause mortality of 28 %. Using ICD-10 codes, etiological characteristics are diversified both at ED arrival and at hospital discharge. Prospective risk stratified protocols should evaluate the use and impact prognostics of hypotension in triage algorithms, both prehospitally and in the ED setting.
